The purpose of our study was to evaluate the inclusion of seven experimental phages into the international phage set for subtyping Listeria monocytogenes. The seven additional phages included the broad-host-range virulent Myoviridae phage A511 (M. J. Loessner, Appl. Environ. Microbiol. 57:1912Microbiol. 57: -1918Microbiol. 57: , 1991, three temperate phages from the Danish subsystem for typing serotype 1/2 strains (12682, 6223, and 5775) (P. GernerSmidt, V. T. Rosdahl, and W. Frederiksen, APMIS 101:160-167, 1993), and three temperate phages isolated by this laboratory in France (9425, 1313, and 197). A panel of 395 Listeria monocytogenes isolates (including 180 that were non-phage typeable by the international set) were used in the study for a comparison of the lytic spectra of the various bacteriophages. These results showed that the inclusion of five of the experimental phages contributed greatly to the overall typeability and discriminatory power of the system, especially for strains within serogroup 1/2.
Phage typing of Listeria monocytogenes is well recognized as a useful tool in the study of the distribution of this bacterium and in the epidemiology of listeriosis. Comparison of results from phage typing extensive collections of L. monocytogenes isolates has led to the use of a common set of phages and propagating strains as well as to standardized materials and methods. A common set of bacteriophages which includes 26 phages (referred to hereafter as the international phage set) has been recommended (12) , and these are listed in Table 1 . It has previously been shown that phage typing is highly discriminatory (1) and capable of analyzing large numbers of isolates but is limited by the low proportion of phage-typeable serogroup 1/2 strains (2, 11). The typeability may be increased by the use of additional phages, and a multicentered study of phage typing L. monocytogenes with a common set of cultures which were also tested with other typing systems was recently carried out (10) . Analysis of the results for this study suggested that the composition of the international set be reviewed and may be improved by the inclusion of phages from the sets developed in Germany (8) and in Denmark (5) . We have evaluated the contribution of adding seven experimental phages to the international phage set. The experimental phages comprise the broad-host-range virulent Myoviridae phage A511, which was obtained from the Institute of Bacteriology, South German Dairy Research Center, Technical University of Munich, Weihenstephan, Freising, Germany; three Danish temperate phages from the subsystem for typing serotype 1/2 strains (12682, 6223, and 5775), which were obtained from the department of Clinical Microbiology, Statens Seruminstitut, Copenhagen, Denmark (through the courtesy of P. Gerner-Smidt); and three temperate phages (9425, 1313, and 197) isolated in this laboratory in France.
A panel of 395 L. monocytogenes isolates (including 180 that were non-phage typeable by using the international set) was used in the study for analysis of the lytic spectrum of each bacteriophage to assess improvements in typeability and discriminatory power of this system.
MATERIALS AND METHODS
Bacterial strains. We studied 395 L. monocytogenes isolates (271 from serogroup 1/2 and 124 from serogroup 4) isolated in France from 1988 to 1995. Of the 395 strains, 82 were clinical isolates (from human and animal listeriosis), 212 were from food products (milk, cheese, and meat products), and 13 were from the environment (silage, vegetables, and sewage farms). The sources of the remaining 88 strains were not known. Nevertheless, the strains were chosen according to their geographic origin, date of isolation, serogroup, and phage type to eliminate replicates. None of the strains in this panel of cultures were known to be epidemiologically related, and isolates representative of the epidemics of human listeriosis from Angers, France (3), Nova Scotia, Canada (3), Boston, Mass. (4), and Val d'Oise, France, and California (7) were included. A total of 215 (141 from serogroup 1/2 and 74 from serogroup 4) of the 395 isolates were phage typeable by using the international set of bacteriophages.
Biochemical and phenotypic characterization. All cultures were stored on nutrient agar slopes at 4°C and were cultured on tryptose soy agar containing 5% horse blood (Difco Laboratories) at 37°C for 18 h. All isolates were biochemically characterized by conventional identification procedures and the API Listeria test kit (BioMerieux, Marcy-l'Etoile, France). Serogrouping was carried out with antisera 1 and 4 according to the instructions of the manufacturer (Difco Laboratories).
Phages. Characteristics of the 26 phages from the international set and the 7 experimental phages used in this study are listed in Table 1 . Six from the seven experimental phages are serotype specific and are active against serogroup 1/2 strains (9425, 1313, 12682, 5775, and 6223) or serogroup 4 strains (197). Phage A511 is lytic for both serogroup 1/2 and 4 strains. Phages were stored in tryptose phosphate broth at 4°C. Phage typing procedures were carried out as previously described (2, 12) .
Analysis of lytic reaction patterns for each individual phage was carried out by a hierarchical method with a Jaccard dichotomy coefficient (Systat; Delta Soft). With the aim of calculating a gain in the discriminatory potential of phage typing when using experimental phages, the discriminatory powers of phage typing with (i) the actual set and (ii) an extended set of phages including the international set and experimental phages were estimated by calculation of the D value according to the method described by Hunter and Gaston (5). The generalized version given by the following equation was used in our study:
where a j is the number of strains in the population which are indistinguishable from the jth strains and n is the number of strains in the population.
RESULTS AND DISCUSSION
Strain typeability with the phages. Typeability results with the seven experimental phages are shown in Tables 2 and 3 .
Lytic reactions with phage A511. Typeability with the broadhost-range virulent phage A511 was 86% (339 cultures were lysed by this phage). A total of 78% of the 180 strains which were non-phage typeable with the international set were lysed with A511, including 72% (94 of 130) of the serogroup 1 strains and 96% (48 of 50) of the serogroup 4 strains ( Table 2) . A total of 92% of all of the 215 strains that were phage typeable with the international phages were lysed with A511, including 88% of the serogroup 1 strains (124 of 141) and 99% of the serogroup 4 strains (73 of 74) ( Table 3) .
Lytic reactions with serotype-specific phages. The degree of typeability with the six experimental phages ranged from 16 to 69% of the strains typeable with the international phage set (Table 3 ), compared to the typeability of the strains with the international set alone, which ranged from 12 to 57%. The three Danish temperate phages, 6223, 5775, and 12682, lysed 3, 10, and 26% of the cultures, respectively, of the strains which were nontypeable with the international set ( Table 2 ). The further two serogroup 1/2 experimental phages (9425 and 1313) yielded poor results with this panel of nontypeable strains (1 and 5% of the cultures lysed) ( Table 2 ). Using the six experimental phages A511, 12682, 5775, 6223, 1313, and 9425, the 130 serogroup 1/2 strains which were nontypeable with the international set were discriminated into 12 phage types, of which the major ones were A511 (n ϭ 61), A511-12682 (n ϭ 14), 12682 (n ϭ 8), A511-12682-5775 (n ϭ 8), and A511-5775 (n ϭ 4). Twenty-four cultures from the 130 strains (18%) remained untypeable with any studied phages after two different tests. With the use of the experimental phages A511 and 197, the 50 serogroup 4 strains which were nontypeable with the international set were clustered into two groups; 46 yielded a common phage type (A511), and the last 4 strains remained nontypeable.
Phage lytic spectrum analysis. The lytic spectra of the experimental phages obtained with the 215 phage-typeable L. monocytogenes isolates with the international phages were analyzed. A synthetic representation of the relationships between phages according to their lytic reactions is shown in the two dendrograms ( Fig. 1 and 2 ). Within serogroup 1/2, the experimental phages 1313 and 6223 yielded lytic spectra similar to those of the international phages 575 and 21/46, respectively (Fig. 1) . The experimental phages A511 and 12682 yielded some similarity in results. All of the remaining serogroup 1 experimental phages showed a high degree of dissimilarity with the phages in the international set (Jaccard dichotomy coefficient, Ͻ0.6). Within serogroup 4, both phages A511 and 197 showed a high degree of dissimilarity with the phages from the international set (Fig. 2) .
The discriminatory powers of the phage-typing system with the five experimental phages (A511, 12682, 5775, 9425, and 197) plus the international set and the international set alone were calculated (Table 4 ). All nontypeable strains were treated as belonging to one type when the index was calculated. With the experimental set of phages and the international set, there was a marked increase in the degree of discrimination of the system, particularly with respect to serogroup 1/2 strains. The portion of strains which were nontypeable with the international phages was subdivided in 12 phage types, including 5 phage types which were common to more than three epidemiologically unrelated strains. The increase in the degree of typeability with serogroup 4 strains was not associated with much additional discrimination. Phage 197 did not subdivide into an additional group of cultures, and of the 50 strains which were not typeable with the international set, 46 (92%) reacted with phage A511 alone.
Five from the seven experimental phages that were studied yielded distinct lytic spectra, the inclusion of which may improve the international phage set. This includes the polyvalent phage A511; the three serogroup 1/2 phages 12682, 5775, and 9425; and the serogroup 4 phage 197. These data may be combined with those previously presented (9) in proposals for optimization of the international set. None of the additional phages previously selected (i.e., 351, 881, 717, 110, 4286, and 2425A) yielded lytic spectra close to those from the experimental phages described here (data not shown).
With an extended set of phages including the international set and the 5 experimental phages, there was a marked increase in the degree of typeability of the L. monocytogenes strains tested (105 from the 130 serogroup 1 strains and 37 from the serogroup 4 strains [ Table 5 ]), this increase being due principally to the inclusion of the phages A511 and 12682, which greatly increased the degree of typeability within serogroup 1/2.
In conclusion, the results presented here for 395 L. monocytogenes isolates (including 180 nontypeable with the international phage set) showed that the phage typeability of strains within serogroup 1/2 could be greatly increased by the use of additional phages. We request other collaborating laboratories to participate and replicate our results and recommend the inclusion in a new international phage set of the virulent phage A511 from Germany, two temperate phages (12682 and 5775) from Denmark, and phage 9425 from our own laboratory in France. 
